This study focused on the advanced oxidation of the hetero bi-functional reactive dye 
Introduction
The textile industry is related to discharge of large quantities of water that are highly coloured and contain high levels of organic matter [1] [2] [3] . Such pollution is associated with the use of large amounts of dyes during the dyeing stages [4] . Dyes have different organic structures with unsaturated groups that act as chromophores and gave the dye its colour.
Because of the non biodegradable nature of most of these dyes and the limitation of physical and chemical treatment techniques [5, 6] , new processes to treat such wastewaters have been developed. In this direction, and taking advantage of high oxidative power of the ·OH radical (2.8 V versus NHE), several treatments catalogued under the designation of advanced oxidation processes (AOPs) have been used for organic pollutant abatement. Among the different existing AOPs, we can find Fentonbased processes which have been encountering a notable development due to their favourable results in combination with easy handling [7] , and can be used to the degradation of this kind of effluents [8] [9] [10] [11] [12] . These processes are highly effective in the effluents remediation and have a special interest and constant development [13] .
Moreover, it makes possible high reactions yields associated to a low cost treatment.
In Fenton's processes, the generation of hydroxyl radicals and Fe 
The rate of contaminants degradation can be considerably increased when ultraviolet light is simultaneously irradiated in the photo-Fenton's process [7] . In this case, the regeneration of Fe
2+
, with production of new HO · radicals, follows reactions (5) and (6) This high number of influential variables makes suitable using experimental design techniques. These techniques provide a systematic way of working that allows conclusions to be drawn about the variables or its combination that are most influential in the response factors, with a considerable reduction in the number of experiments.
Among these techniques, the most used are the central composite design (CCD), Doehlert matrices, Box-Behnken designs and three-level full-factorial designs [14] . [18, 19] .
However, we could not find in literature studies related to the oxidation of CI Reactive
Yellow 145, a hetero bi-functional reactive dye for cellulosic fibres, by using the dark Fenton and photo-Fenton reactions in a lab-scale experiment based on central composite design.
In consequence, the goal of the present work has been to identify, by using response surface methodology, optimum Fenton and photo-Fenton conditions to degrade CI Reactive Yellow 145. Both processes were studied, and degradation efficiency was compared.
Materials and methods

Chemicals
In this study, a commercial hetero bi-functional reactive dye, Sumifix Supra Yellow 3RF (CI Reactive Yellow 145), from Sumitomo was used as received without further 6 purification. This dye had sulfatoethylsulfone and monochlorotriazine reactive groups.
Its molecular formula is shown in Fig.1 .
Appropriate dye solutions were prepared by dissolving the required amount of dye in deionised water. All deionised water was prepared using a Millipore Milli-Q system.
For the pH adjustment, we used concentrated reagent-grade H 2 SO 4 and NaOH solutions (Panreac). Panreac 33% (w/v)) were mixed in order to generate the hydroxyl radical, HO·.
Reactors and light sources
All Fenton and photo-Fenton experiments were carried out using a cylindrical Pyrex thermostatic cell of 150 ml capacity. The reaction mixture inside the cell, consisting of 100 ml of dye sample (250 mg·L During the experiments, aliquots were withdrawn from the solution in order to measure COD.
Analytical methods
Chemical Oxygen Demand (COD, mg·L -1 O 2 ) was obtained using the closed-reflux colorimetric method [20] with a HACH DR-700 colorimeter.
H 2 O 2 consumption was measured using the KI titration method [21] . Residual H 2 O 2 was removed with sulphite [22] . Any remaining sulphite was removed by bubbling O 2 .
Results and discussion
Preliminary runs
The performance of Fenton's reagent is associated to different variables, namely the pH, the temperature and the initial H 2 O 2 and Fe (II) dosage. In consequence, a lot of measurements would be necessary if these four variables were considered in the experimental design. However, if the role of these variables were previously known, it would be possible to simplify the experimental analysis.
Effect of the initial pH
It is well known that the performance of such a complex reactive system depends on the medium's pH [7] , with a maximum catalytic activity a pH around 3 [23] [24] [25] [26] From results showed in Figure 2 , we could state that maximum COD reduction was obtained at a pH between 2.5 and 3.0. 
Consequently, from this point we performed all experiments at pH=3.
Experimental design
In this study, after the exploratory runs, to find the optimum conditions for degradation of CI Reactive Yellow 145 dye under Fenton's and photo-Fenton's conditions, we selected a central composite design (CCD), due to the responses could be simply related to the chosen factor (% COD reduction in our case) using linear or quadratic models.
CCD is a widely used form of RSM. RSM could be considered as a particular set of mathematical and statistical tools for designing experiments, building models, evaluating the effects of operating conditions and researching optimal values of factors to predict target responses [29] . The total number of experiments for the three level CCD employed was 17.
Temperature (X 1 ), the H 2 O 2 concentration (X 2 ) and the Fe(II) concentration (X 3 ) were the independent variables. The low, centre and high levels that defined the range of each variable were designated as -1, 0 and +1 respectively, (Table 1) . Also, the CCD used, required that experiments outside the experimental range previously defined should be performed to allow the prediction of the response functions outside the cubic domain (denoted as ± 1.68; The operating range of temperature was chosen to give a variation high enough in terms of practical interest and taking into account the fact that higher temperatures could lead to H 2 O 2 decomposition and the loss of iron by precipitation [31] . For the other two variables, the low and high levels for H 2 O 2 and Fe (II) were chosen based on technical literature, stoichiometric requirements [24] and on the fact that too high iron and peroxide concentrations could affect negatively to degradation of the process [32] .
In table 2 A Modde software (Umetrics) was used to obtain a quadratic model that gave us an empirical relationship between the % COD reduction (Y) and the three independent 
The COD reduction efficiencies have been predicted by equations (9) and (10) and presented in Table 3 . These results indicated good agreements between experimental and predicted values for COD reduction.
Next, adequacy of the models was justified through analysis of variance (ANOVA). The
ANOVA for the quadratic model for % COD reduction, under Fenton and photo-Fenton conditions, could be seen in Table 4 . In the ANOVA test, the F-ratio value obtained for the percentage of COD reduction is higher than the Fisher's F-value (F 9,7 = 3.80).
Consequently, we could say that the model was significant for dye COD reduction. The Subsequently, the statistically significant variables and/or interactions were identified, using the Student's t-test. The obtained results could be seen in 
Fe ( 
Conclusions
According to experimental results, a quadratic polynomial was obtained for our response (% COD reduction), under Fenton's and photo-Fenton's conditions. The optimization procedure produced high and significant R Among the studied variables, it could be seen that the largest effect in COD reduction Moreover, this study showed that RSM was an appropriate technique to optimize the operating conditions and maximize dye removal. Tables   Table 1. -Levels of the parameters studied in CCD statistical experiment 
